Telomeres comprise long tracts of double-stranded TTAGGG repeats that extend for 9-15 kb in humans. Telomere length is maintained by telomerase, a specialized ribonucleoprotein that prevents the natural ends of linear chromosomes from undergoing inappropriate repair, which could otherwise lead to deleterious chromosomal fusions. During the development of cardiovascular tissues, telomerase activity is strong but diminishes with age in adult hearts. Dysfunction of telomerase is associated with the impairment of tissue repair or regeneration in several pathologic conditions, including heart failure and infarction. Under both physiologic and pathophysiologic conditions, telomerase interacts with promyogenic nuclear transcription factors (e.g. myocardin, serum response factor) to augment the potency of cardiovascular cells during growth, survival, and differentiation. We review recent findings on the biologic function of telomerase and its potential for clinical application in cardiovascular development and repair. Understanding the roles of telomerase and its associated proteins in the functional regulation of cardiovascular cells and their progenitors may lead to new strategies for cardiovascular tissue repair and regeneration.
Stem cell growth, quiescence and differentiation
Stem cells play a key role in both foetal cardiac development and postinjury repair or regeneration in adult cardiac tissue. Cardiac stem cells of intracardiac origin or from extracardiac sources, such as bone marrow, 1 represent a group of undifferentiated cardiac cells that can give rise to mature cardiac cells while maintaining a strong capacity for self-renewal or proliferation. Increasing evidence indicates that low telomerase activity and telomere shortening are the core components that drive the senescent or apoptotic depletion of tissue stem cell reserves and age-related tissue degeneration, thus impairing the regenerative ability of various organs and tissue, including the heart, after embryonic development. These cellular checkpoint mechanisms have been known for years to contribute to the functional decline of highly proliferative tissue. However, it is largely unknown how these cellular mechanisms adversely affect more quiescent tissue-such as that in the heart-that is equally ravaged by the ageing or disease processes. Our bodies possess a remarkable ability for extensive and sustained tissue renewal throughout a lifetime. The continuous self-renewal capacity of tissue, even in non-rapidly proliferating organs, is maintained by reservoirs of somatic tissue stem cells. 2, 3 These tissue stem cells have attracted the attention of investigators working in the field of regenerative research, given that there is accumulating evidence that age-associated physiologic decline, particularly in highly proliferative organs, parallels the blunted proliferative responses and misdirected differentiation of resident tissue stem cells. Human tissue has widely varying levels of baseline proliferative activity and regenerative potential. In high-turnover tissues, resident stem cells have been shown to generate large numbers of specialized cell progeny, thereby maintaining tissue cellularity and functionality over a lifetime. In tissue with lower proliferative or regenerative capacity, such as the heart, the identification of stem cells has been more difficult, although not completely undocumented. 1, 4, 5 Therefore, it seems logical to hypothesize that preserving an adequate pool of tissue stem cells with robust potential for renewal would be important for maintaining organ function after injury and for allowing cardiac repair. Knowledge in the field of regenerative biology will expand by understanding the role of telomeres and telomere-associated proteins.
Telomeres, ageing, and disease
Telomeres are specialized structures, or nucleoprotein caps, that adorn the ends of human chromosomes. Early studies have shown the essential role of telomeres in maintaining the integrity of chromosomes. 6 -8 Telomeres are maintained by the enzyme telomerase. 9 -11 The importance of adequate telomerase activity and maintenance of telomere length for both replicative potential in culture and ageing in organisms was initially inferred from studies of primary human fibroblasts. In culture, the division of fibroblasts results in progressive telomere attrition, culminating in a state of proliferative arrest, or cellular senescence, after a finite number of cell divisions-a barrier known as the Hayflick limit. 12 Proliferation beyond this limit drives further telomere erosion, ultimately triggering rampant chromosomal instability driven by chromosome breakage-fusion-breakage events. 13 Forced expression of telomerase reverse transcriptase (TERT), the catalytic subunit of telomerase, in cultured human fibroblasts stabilizes telomere length and endows the cells with unlimited replicative potential without engendering malignant properties. 14, 15 The remarkable capacity of experimentally induced telomerase activity to circumvent senescence and allow indefinite growth has been documented in many other human cell types. Compelling cell culture studies and complementary studies in telomerase knockout mice 16 have since inspired significant efforts to determine whether telomere dynamics play any role in the processes of ageing or of various degenerative diseases in humans. Human population studies have correlated decreased telomere length in peripheral blood leukocytes with higher mortality rates in individuals older than 60 years, and a recent large cohort study reported a positive link between telomere length and years of healthy life. 17, 18 A recent study in centenarians and their offspring found a positive link between telomere length and longevity; in particular, those with longer telomeres had an overall improved health profile (with decreased age-associated disease and better cognitive function and lipid profiles) relative to that of control patients. 19 Similarly, studies have shown that impaired telomere length and lower telomerase activity are related to risk factors for ageing and to the highest levels of oxidative stress in peripheral blood leukocytes, 20 possibly through the activation of the autonomic and neuroendocrine systems and the subsequent glucocorticoid-driven increase in reactive oxygen species (ROS). 21, 22 Damaged telomeres may not be repaired efficiently because of low levels of telomerase activity and an inherent shielding of the telomeres from DNA repair machinery. As such, damaged telomeres may provide a reservoir of persistent DNA damage signals and consequent sustained p53 activation with senescent sequelae. Evidence from the study of a wide range of human degenerative diseases, both inherited and acquired, points to the limiting of telomeres as a key pathogenetic element that drives degenerative pathologies, increases cancer risk, and shortens lifespan. In this light, the sizes of telomere reserves and their level of persistent damage or, better, measurements of their capping status, may prove useful as biomarkers of disease progression and may offer new opportunities for proactive therapeutic interventions involving transient somatic activation of endogenous telomerase to replenish or repair telomeres. 16 Telomerase structure, biologic function, and canonical roles in cardiovascular development
Telomerase is a ribonucleoprotein complex (Figure 1 ) that catalyzes the addition of oligonucleotide (TTAGGG) repeats to telomeres. 11, 23 Tissue restriction fragment (TRF)-1 and TRF-2 help in regulating telomere length and in maintaining the correct structure of telomeres, either by acting as inhibitors of telomerase or as activators of telomere degradation. 24 Initially, TRF-1 was isolated as a double-stranded TTAGGG repeat-binding protein from HeLa cells. 25 It binds to telomeres as a homodimer with a C-terminal helix-turn-helix motif and acts as an inhibitor of telomerasedependent elongation of telomeres by limiting the access of telomerase to the telomere. 26 TRF-2 differs from TRF-1 in that its N-terminus is basic rather than acidic. 27 It binds telomeres and stabilizes the G-rich strand overhang, thereby inhibiting telomere-telomere fusion. Overexpression of TRF-2 in somatic cells leads to the progressive shortening of telomeres. 28 Suppression of TRF-2 function in cultured cardiac myocytes provokes telomere erosion, and downregulation of this protein occurs in end-stage heart failure in humans. 29 Telomerase plays a key role in maintaining the elongation of the 3 ′ DNA template at the end of the chromosome, thus compensating for the telomere shortening that occurs in the absence of this activity. The length of telomeric DNA in human somatic cells is heterogeneous among individuals, ranging from 3 to 5 kb and up to 20 kb, according to age, organ, and the proliferative activity of cells. 30 Telomerase is expressed abundantly in embryonic or undifferentiated cells, but its expression and activity weaken with age in mature somatic cells, leading to gradual telomere shortening ( Figure 1) . In differentiating embryonic stem cells, expression and activity of TERT is inhibited by histone deacetylation and DNA methylation of the TERT gene. 31 In contrast, TERT is activated in cells that undergo rapid expansion (e.g. committed haematopoietic progenitor cells, activated lymphocytes, or keratinocytes), even in tissues with a low cell turnover, such as in the brain. 32 In normal mice, telomerase activity has been detected in the brain and heart muscle, as well as in the colon, liver, ovaries, and testes. 9 Telomerase activity is more readily detectable in mouse cells and tissues that generally contain longer telomeres than do human cells. 33 The remarkable difference in telomerase activity among tissue and animal species may reflect the different regulatory mechanisms of telomerase expression, which may underlie tissue-specific features of differentiation and proliferation. In most adult somatic cells, telomeres progressively shorten with each cell-division cycle because of the inability of replicative DNA polymerases to complete replication of the 3 ′ end of linear DNA molecules and because of the nucleolytic processing of telomeres. 34 With continuous shortening, telomeres reach a critical length (critically short telomeres) when they become recognized by the cell as double-stranded DNA breaks, triggering the irreversible cell-cycle arrest known as cellular senescence. 35 To date, the best-characterized activity of telomerase is the elongation and maintenance of telomeres. However, increasing evidence is emerging to indicate that in addition to maintenance of telomere length, telomerase may have other functions independent of telomere maintenance, including regulation of gene expression, cell differentiation, apoptosis, and proliferation. The precise molecular mechanism of the telomerase functions that are independent of telomere maintenance is unclear. However, the construction of genetically modified mice for TERT components has provided the opportunity to learn more about each component of the telomerase complex and their corresponding roles.
The first model of mTERT knockout mice was reported in 1997 by two independent laboratories. 36, 37 There was no telomerase activity or telomere shortening in the later generations of these mice, nor were there any major phenotypic abnormalities in early aged mice of the first generation. Also in 1997, Blasco et al. 38 established an alternative model of telomerase knockout mice (TERC 2/2 mice) by knocking out the RNA template of telomerase. In earlier generations of these mice, there were telomere shortening and severe structural abnormalities on a cellular and macroscopic level; later generations showed aneuploidy and chromosomal end-to-end fusions, hair loss, infertility, testicular and spleen atrophy, and bone marrow proliferative defects. 39, 40 Interestingly, together with a reduced angiogenic potential, which was suggested as the explanation for the above-mentioned abnormalities, TERC 2/2 mice showed remarkable and progressive abnormalities of cardiac myocyte size, number, and proliferative potential between the first (G1) and the fifth (G5) generations. 39, 40 The G5 TERC 2/2 mice developed severe left ventricular failure (characterized by increased end-diastolic left ventricular pressure and decreased left ventricular pressure) and systolic and diastolic dysfunction, suggesting that, in the absence of telomerase, pathologic cardiac remodelling occurs spontaneously in TERC mice and that telomerase function is essential for normal cardiovascular development.
39,40
Telomerase, cell growth, oxidative stress, and apoptosis
Several studies indicate that telomerase has a regulatory role in gene expression, independent of telomere maintenance and in the absence of telomerase RNA. For example, Flores et al. 41 showed that telomerase overexpression activates epidermal stem cells (ESCs) and promotes ESC mobilization, hair growth, and stem cell proliferation. More recently, it has been shown that TERT mutants lacking reverse transcriptase function maintain their activity in enhancing keratinocyte proliferation in the mouse skin. 42 These studies demonstrate that TERT has its own activity in stem cell proliferation and differentiation, independent of telomerase activity and telomere maintenance. In addition, a microarray analysis of 7000 genes showed that TERT induces expression of a wide spectrum of mitogenic and angiogenic genes, such as fibroblast growth factor, 43 epidermal growth factor, 44 and vascular endothelial growth factor. 45 Conversely, TERT represses expression of tumor necrosis factor-related apoptosis-inducing ligand, tumor necrosis factorrelated apoptotic genes, 46 B-cell lymphoma 2 (BCL2), 47 and p53. 48 In a further analysis of 19 000 genes in bovine adrenocortical cells ectopically expressing TERT, 284 genes were found to be either positively or negatively affected by changes in the TERT activity. 49 Interestingly, most of the genes affected were involved in cell-cycle regulation, cell signalling, and metabolism. 49, 50 Results of these studies show that TERT may contribute to proliferation not only by stabilizing telomeres but also by regulating expression of growth-related and apoptosis-related genes. It has been shown that TERT interacts directly with nuclear factor (NF)-kB p65 component, and this interaction mediates the nuclear translocation of telomerase. 51 Tumor necrosis factor has been shown to modulate telomerase activity by inducing the translocation of the complex TERT-NF-kB p65 from the cytoplasm to the nucleus. It is not known whether the complex of TERT-NF-kB p65 can be recruited to the promoter of genes regulated by TERT. Normally, telomerase is located within the nucleus and the cytoplasm, with the active form in the nucleus. However, recent observations indicate that telomerase is also localized in the mitochondria, suggesting that it has a function in protecting the mitochondria and, consequently, cells under stress. TERT is targeted to the mitrochondria by an import sequence at its Nterminus. 52 Through this sequence, TERT can shuttle from the nucleus to the mitochondria upon oxidative challenge and drug treatment and bind to mitochondrial DNA. However, the biological significance of this binding is unclear. Observations from independent laboratories show that mitochondrial telomerase reduces the production of ROS and protects mitochondrial DNA from damage. 53, 54 In addition, the mitochondria in hearts of TERT knockout mice had less efficient respiration when compared with those of wild-type mice. 54 However, other researchers have shown that mitochondrial telomerase actually plays a role in driving stem cells toward apoptosis by increasing the oxidative damage of the mitochondria. 52 In contrast, the results of other studies suggest that telomerase has an anti-apoptotic role in that it blocks both the mitochondrial 55 and the death receptor pathways 46 of apoptosis through a mechanism that is independent of the enzymatic activity of telomerase. 56 The exact mechanism for how TERT protects mitochondrial DNA remains unclear, but a potential pathway may include decreased mitochondrial ROS generation due to improved coupling or more effective respiration; direct binding to and protection of the mitochondrial DNA; or improved DNA repair or accelerated degradation of the mitochondria that harbour damaged DNA. Translocation of telomerase into the mitochondria upon oxidative stress can occur in less than 3 h under H 2 O 2 treatment, which essentially excludes de novo synthesis as the source of the mitochondrial TERT protein pool. 53, 57 Myocardin-telomerase co-expression in cardiac stem cells: a checkpoint for growth and differentiation in the regulation of cardiovascular myocyte development Myocardin belongs to the SAF-A/B, acinus, PIAS (SAP) domain family of nuclear proteins that regulate diverse aspects of chromatin remodelling and transcription. 58, 59 Myocardin activates gene expression through its interaction with CCA/T 6 GG (CArG) boxes, also referred to as serum-response elements. Myocardin activation of such elements is dependent on its interaction with the 'MADS' box domain of serum-response factor (SRF) (Figure 2) . The name MADS box derives from the proteins MCM1 (a yeast protein important in mating type determination), agamous from Arabidopsia thaliana and deficiens (plant proteins important in homeotic flower development), and SRF. Serumresponse factor is a widely expressed transcription factor (molecular weight of 67 kD) required for the expression of several genes, including cardiac a-actin, a-actinin, skeletal a-actin, muscle creatine kinase, smooth muscle myosin heavy chain, smooth muscle a-actin, and smooth muscle calponin ( Figure 2) . 60 It has also been shown to play a critical role in regulating early response genes, such as c-Fos and early growth response protein 1 (egr-1), 61 -63 and survival genes, such as B-cell lymphoma 2 (BCL2) and myeloid cell leukaemia sequence 1 (Figure 2 ).
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The human myocardin gene, located at chromosome 17p11.2, spans approximately 92 kb of genomic DNA. 65 Myocardin mRNA, which contains 13 exons, is approximately 9.5 kb in size and encodes two alternatively spliced protein isoforms of 935 (myocardin-A) and 856 (myocardin-B) amino acids, respectively.
66
The 935-amino acid isoform is expressed predominantly in the heart, whereas the 856-amino acid isoform is expressed predominantly in smooth muscle cells (SMCs) (Figure 2) . 66 Only the 935-amino acid protein physically associates with myocyte enhancer factor-2 (MEF2) and transactivates MEF2-dependent promoters, providing a potential mechanism to differentiate function and expression of myocardin in the heart. Myocardin contains a conserved N-terminal domain composed of RPXXXEL (RPEL) repeats that have been implicated in the Rho-dependent nuclear translocation of myocardin-related transcription factors (MRTFs). The basic domain of myocardin has been shown to mediate nuclear localization and SRF interaction. The leucine zipper-like domain mediates myocardin homodimerization and heterodimerization. The transcriptional activity of myocardin is mediated by the transcriptional activation domain at its C-terminus ( Figure 2) . The 35-amino acid SAP domain plays a role in the interaction of myocardin with genomic DNA. The SAP domain is required for the association of myocardin with A/T-rich DNA. In embryonic cardiac tissue, myocardin is initially synthesized in the cardiac crescent at the time of cardiogenic specification and is maintained throughout the atrial and ventricular chambers of the heart during later development. 59 In embryonic vascular SMCs, myocardin is expressed within the cardiac outflow tract and aortic arch arteries and in visceral SMCs of the respiratory, gastrointestinal, and genitourinary tracts. 67 Subsequently, during late foetal and postnatal development, the myocardin gene is expressed abundantly in cardiac myocytes and visceral SMCs, but it is expressed at very low or undetectable levels in the coronary vasculature, dorsal aorta, and skeletal muscle cells of adults.
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A particularly interesting observation is that TERT is involved in the regulation of stem cell proliferation and differentiation. In the heart, telomerase activity is associated with myogenic cell survival, growth, and differentiation. 29 Telomerase activity declines rapidly after birth, becoming almost undetectable within 3 weeks. 68 The disappearance of telomerase activity at the time that cardiomyocytes become terminally differentiated suggests that telomerase downregulation is important in the permanent withdrawal of cardiomyocytes from the cell cycle. However, other groups have found that the expression of TERT does not affect differentiation in embryonic stem cells, 69 adult stem cells, 70, 71 and leukaemic cells. 72 Equal expression of differentiation markers such as ECMA-7, a-fetoprotein, (T/A)GATA(A/G)-binding proteins 4 (GATA-4), and paired box gene 6 (Pax6) was observed both in vector-transfected and TERT-overexpressing embryonic stem cell clones treated with retinoic acid or other methods of differentiation, such as dimethyl sulphoxide. 69 In human bone marrow stromal cells, there is evidence of high and stable expression of TERT, together with increased expression of the Nurr-1 gene, a neuron marker, in neuronally differentiated cells. 71 Recently, we have demonstrated the role of telomerase in the maintenance of a 'myogenic stemness' in adipose tissue-derived mesenchymal stem cells (MSCs), i.e. the potency of these cells to undergo myogenic commitment while maintaining the ability to proliferate. 73 In particular, we have observed that myocardin-A co-localizes with telomerase in the nucleus of MSCs where they exist in their active form, thus suggesting a relationship between telomerase and myocardin-A in actively proliferating adult tissues, such as adipose tissue. 73 We have observed that the two proteins appear to co-exist and form complexes in the nuclei of adipose-derived myogenic stem cells, but that they carry out different functions-telomerase regulates the cell senescence and myocardin controls myogenesis. 73 We have also observed that dually positive MSCs from the stromal compartment of adipose tissue show great potency for self-renewal and myogenic development when cultured in vitro. It is likely that the two molecules interact in the regulation of MSC growth and myogenesis. Our finding of increased expression of TERT and myocardin-A in these myogenic MSCs suggests that TERT has a role in the maintenance of MSCs in an intermediate step or a 'biological window' in which an undifferentiated, uncommitted stem cell evolves into commitment toward myogenic development while maintaining potency for proliferation or quiescence. 73 These data reinforce the concept that telomerase may have bioactivities not reported previously, including cell-cycle regulation and stem cell proliferation and differentiation.
Role of telomerase and its associated proteins in cardiovascular tissue repair and regeneration
Compelling evidence illustrates a role for telomerase and its associated proteins in the development of certain cardiovascular diseases, including atherosclerotic coronary disease 74 -76 and heart failure. 29,77 -79 Table 1 summarizes human studies that show an association between telomere dysfunction and cardiovascular disease. Furthermore, telomerase and its associated proteins may be potential therapeutic targets in the treatment of these diseases. Recently, several gain-of-function and loss-of-function studies have shown that high telomerase activity and long telomeres are necessary for maintaining the proliferative potential and viability of endothelial cells, 80 -84 SMCs, 85, 86 and cardiomyocytes. 29, 87 In TERC 2/2 mice, an increased incidence of hypertension, ventricular dilation, thinning of myocardium, cardiac dysfunction, and sudden cardiac death has suggested that maintaining normal telomerase function is essential for cardiovascular development. 39, 40 Accelerated apoptosis and replicative senescence of cardiac stem cells are both among the possible mechanisms by which telomere dysfunction may impair the heart's regenerative capability and contribute to cardiac dysfunction. After ischaemic injury (coronary ligation), apoptosis is attenuated in the heart of transgenic mice that overexpress TERT specifically in the cardiac tissues, 29, 87 which correlates with findings of reduced infarct size, a less fibrous area, and preservation of systolic function. 29, 87 In addition, patients with myocardial infarction and heart failure show weakening of the cardiac-cell growth response after injury because of decreased telomerase activity and severe telomeric shortening in the heart's resident pool of cardiac progenitor cells, which leads to their replicative senescence. 29, 88 Without sufficient telomerase activity, cardiac stem cells become unable to support myocardial regeneration of the adult heart after myocardial infarction. 5, 88 In addition, telomere shortening and dysfunction may contribute to the development of pathologic cardiac remodelling by facilitating collagen deposition in hearts undergoing pressure and volume overload. 89 Implications of the diminished proliferative capacity of the cardiovascular system might also include the depletion of endothelial progenitor cells, consequently impairing their neovasculogenic potential and repair capacity. 90 As a result, neovascularization in ischaemic heart disease and vascular regeneration in atherosclerotic disease could be limited. Telomere dysfunction may also contribute to the pathogenesis of atherosclerosis. An association has been reported between oxidative DNA damage and telomere shortening in circulating endothelial progenitor cells obtained from metabolic syndrome patients with coronary artery disease. 101 Endothelial cells and SMCs derived from atherosclerotic plaque have shorter telomeres than do endothelial cells derived from non-atherosclerotic areas of the same individual. 76, 86 In patients with atherosclerosis, shorter telomeres have been reported in the fibrous cap and in lymphocytes that infiltrate unstable atherosclerotic plaque.
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Telomeres and associated proteins as therapeutic targets for cardiovascular disease
Basic scientists and clinical investigators have been actively exploring the potential of telomere modifying agents to treat or prevent cardiovascular disorders, particularly age-associated adverse events. In this context, one possible strategy would be to shorten the telomere attrition rate associated with senescence or disease by increasing telomerase activity. Telomerase enzymatic activity can be regulated at multiple levels, including TERT transcription, alternative splicing, chaperonemediated folding, phosphorylation, and nuclear translocation. The main control mechanism of human TERT activity, however, seems to be the regulation of TERT expression. Studies in human adult cells or human MSCs have indicated the possibility of using TERT gene transfer to blunt telomere shortening and associated senescence. 14,71 Importantly, exogenous TERT can be genetically introduced into human MSCs ex vivo without interfering with their potential for cardiomyogenic differentiation. 71 The final goal of this approach would be to re-introduce genetically manipulated MSCs in vivo, where they could provide therapeutically relevant levels of TERT and serve as a useful source of cardiomyocytes or cardiomyogenic stem cells. Another approach to increasing TERT activity would be to pharmacologically manipulate its activity with antioxidant drugs. The rationale for using an antioxidant treatment to lessen stress-induced senescence and increase telomerase-induced telomere stabilization comes from the idea that oxidative stress is associated with ageing and risk factors for cardiovascular diseases 102 and may induce DNA damage, 103, 104 accelerate reparative cell division, promote telomere instability and shortening, and lead to premature stress-induced senescence. 86, 101, 104 Endothelial cells that were isolated from arterial segments of patients with severe coronary artery disease and that were chronically treated in culture with N acetyl-cystein (NAC, a sulphydryl group donor and an indirect antioxidant agent with the property of increasing intracellular glutathione and decreasing intracellular ROS) 105 displayed decreased lipid peroxidation, decreased DNA and cellular damage, elongated telomere length, and senescence delay. 105 In this study, it was shown that the mechanism of NAC-induced telomere elongation involves inducing the translocation of TERT into the nucleus where it becomes activated. 105 
Conclusions
Telomerase localizes in and influences a wide range of cell types and tissue through a variety of activities that, although not fully characterized, go beyond the eponymous function of telomere maintenance and involve cell growth and differentiation. It is possible that telomerase works as a transcription co-factor or as part of a pathway leading to modifications of other transcription factors that regulate the expression of genes involved in the regulation of cell growth, apoptosis, and differentiation ( Figure 3) . Increased telomerase expression and function occur in the heart undergoing post-infarct repair and hypertrophy, suggesting that is has a role in cardiac tissue repair and regeneration. The recent discovery of a telomerase-myocardin interaction in adult myogenic stem cells points to the involvement of telomerase in the myocardin/SRF promyogenic pathway, which triggers the cardiomyogenic differentiation of multipotent stem cells. An understanding of how telomerase affects gene expression may lead to new therapies for heart failure aimed at promoting stem cell proliferation and differentiation and protecting stem cells from cell death and apoptosis. Further clinical investigation of telomerase and myocardin is warranted for exploring their therapeutic potential in the treatment of patients with myocardial infarction and heart failure. EGFR, epidermal growth factor receptor; ESCs, epidermal stem cells; FGF, fibroblast growth factor; Myoc-A, myocardin-A; mtROS, mitochondrial reactive oxygen species; NF-kB, nuclear factor-kB; TNF-a, tumor necrosis factor-a; TRAIL, TNF-related apoptosis-inducing ligand; VEGF, vascular endothelial growth factor. +, induction; -, inhibition.
